Objective-To compare daily cranberry juice cocktail to placebo during pregnancy on asymptomatic bacteriuria (ASB) and symptomatic urinary tract infections (UTIs).
Introduction
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There has been little progress in this area over the past several decades. The development of alternative methods for preventing asymptomatic bacteriuria and subsequent pyelonephritis would represent a major advancement in prenatal care.
Cranberry juice and encapsulated powders are commonly used to prevent or treat urinary tract infections (UTIs). Scientific evidence to support the use of cranberry for the prevention/ treatment of UTIs is limited by lack of focus on reproductive age women, identification of symptomatic UTIs following daily cranberry juice ingestion, and inadequate assessment of dosing regimens and duration of therapy. Most importantly, there are no data regarding the efficacy of daily cranberry ingestion in pregnancy for the prevention of ASB. [9] [10] Using a hypothesis that a strategy to prevent the development of ASB in pregnancy could lead to improved pregnancy outcomes by reducing preterm births, we undertook this investigation to provide preliminary data on the effect of daily cranberry juice cocktail ingestion on the frequency of ASB and other UTIs in pregnancy. Outcomes studied included the incidence of ASB, tolerability and side effect profile of daily cranberry juice ingestion, and patient adherence to dosing regimens.
Materials and Methods

Study Population
Eligible pregnant subjects at less than 16 weeks' gestation presented initially for prenatal care at University of California, Irvine Medical Center or Long Beach Memorial Medical Center. Institutional review board approval was obtained at both institutions. Subjects were excluded for the following: previous underlying medical condition including diabetes mellitus, renal failure, sickle cell disease, chronic hypertension, chronic renal disease; previous or current antimicrobial therapy at the time of screening or within two weeks of screening; and known urologic abnormalities. Each subject also had a pre-treatment urine culture performed to ensure absence of ASB. Written informed consent was obtained.
Study Methods
Women were followed through delivery and the immediate puerperium. Each subject was contacted weekly for six weeks via telephone by a research coordinator, inquiring about compliance, tolerance, and side effects to the daily juice regimen. For those subjects who reported poor compliance or tolerance, we offered more frequent research coordinator contact or clinic follow-up. Follow-up clinic visits occurred concurrently with their monthly prenatal care visits. In addition, subjects maintained dietary diaries, in which they placed labels from the juice bottles they consumed and recorded side effects.
At the follow-up visits, a clean-catch urine specimen was collected for dipstick urinalysis. If positive for leukocyte esterase and nitrites, reflex microscopy and culture and susceptibility were performed. Subjects were queried for symptoms of urinary tract infection or preterm labor.
All subjects were instructed to ingest one 240 mL bottle, containing either cranberry juice or placebo, at each meal (three-times daily) until delivery. We instructed subjects not to consume cranberry products other than those for study. We also educated them about UTIs and hygiene practices to aid in the prevention of UTIs, including adequate fluid intake, frequent voids, and voiding after coitus. They were also educated about the importance of compliance with recommended therapies.
Randomization
Using a computer-generated randomization table, women were randomized to receive active CJC with each meal, CJC at breakfast followed by placebo at lunch and dinner, or placebo at each meal. Randomization was stratified by site. After 52 subjects were enrolled, the dosing frequency was reduced to twice daily because of a high withdrawal rate and poor tolerability of the thrice daily dosing regimen. The main side effects were gastrointestinal. Thus, the protocol was modified to CJC twice daily (breakfast and dinner), CJC at breakfast and placebo at dinner, or placebo twice daily. In addition, we permitted a modification of the cranberry dosing schedules to allow for step-down dosing to once daily for those with moderate to severe gastrointestinal disturbance.
The identities of the treatment assignments were not known to the subjects, research coordinators or investigators, and unblinding did not occur until termination of the investigation.
Study Product
Low calorie CJC beverage containing 27% cranberry juice was supplied by Fisher BioServices Corporation in collaboration with Ocean Spray Cranberries, Inc. (OS). It was formulated to meet research needs under contract with the National Center for Complimentary and Alternative Medicine (NCCAM, NOT-CA-02-014) following competitive award, and although not specifically commercially available, is similar in composition to Ocean Spray low calorie CJC found in retail stores. The CJC was sweetened with sucralose (Splenda™). A Drug Master File for this research grade low calorie CJC is on file with the United States Food and Drug Administration. Berries from Vaccinium macrocarpon Aiton were used. Each dosage consisted of 240 ml CJC with a mean proanthocyanidin concentration of 106 mg per bottle. The CJC was stored under refrigerated conditions.
The placebo beverage was formulated by Ocean Spray Cranberries, Inc. to mimic the flavor (including sugar and acid profile) and color of the cranberry beverage. There were no cranberry ingredients in the placebo beverage. It was bottled in the identical polypropylene bottles used for the active beverage and was also stored under refrigerated conditions.
Outcome Measures
The primary outcome measure was the number of cases of bacteriuria, which was defined as having a urine culture with 100,000 or more of a single uropathogen (measured as colony forming unit [CFU] per mL). ASB was defined as urine cultures consistent with bacteriuria without symptoms. Acute cystitis was diagnosed in subjects with symptoms of dysuria, urinary frequency, and/or urinary urgency and found to have urine cultures consistent with bacteriuria. Acute pyelonephritis was diagnosed in subjects with flank pain, fevers (temperature greater than 100.4°F), chills, nausea and/or vomiting, with urinalyses and/or urine cultures indicative of bacteriuria. We defined a treatment failure as any case of bacteriuria, acute cystitis or acute pyelonephritis. Those women with treatment failures continued drinking the investigational juice through delivery.
We used standardized treatments for ASB, acute cystitis and acute pyelonephritis. Generally, for ASB and acute cystitis, cephalexin 500 mg four times per day for 7 days was prescribed, and for acute pyelonephritis, intravenous cefazolin 1 or 2 g four times per day was given until the subject was two days without fever. Parenteral gentamicin could be added based on clinical response. Subjects with acute pyelonephritis were subsequently treated with oral cephalexin 500 mg four times per day to complete a minimum of 10-days of antibiotic therapy. Any subject with ASB or a symptomatic urinary tract infection continued with juice therapy during treatment. Cultures were repeated within two weeks of treatment completion to assess eradication of bacteria. We anticipated 20 to 30% of women would require a second course of a different antibiotic based on susceptibility testing.
At each monthly visit compliance was assessed using two measures, including the dietary diaries (described above), and a self-reported assessment of percentage compliance with the dosing schedule.
Sample size and data analysis
Because an efficacy trial was not feasible with the available resources and because the data were lacking by which to support a larger trial, we aimed to perform a pilot trial to generate preliminary data for the design of a large-scale clinical trial. Additional outcome measures included effective resolution of ASB with antibiotic treatment, side effects, recurrence rates of ASB, and preterm delivery with its associated neonatal morbidities. Toxicities, side effects, tolerability, and compliance were reviewed by a pre-appointed, data safety monitoring committee at 4 times during the study period: 6,12,18 months, and at study termination.
We used SAS STATA SE, version 10.0 (StataCorp, College Station, TX) for data management and analysis. ANOVA was used for continuous variables. Chi Square or Fisher's Exact tests were performed for categorical variables. Poisson regression was performed to obtain incidence rate ratios for the number of urinary tract infections. We also compared the time to first diagnosis of ASB using Kaplan-Meier plots and log-rank tests. The data analyses were performed based on intent-to-treat.
Results
From July 2005 through July 2007, a total of 188 women were enrolled in this pilot investigation (Figure 1 ). There were no differences in demographic characteristics (Table 1 ).
There were a total of 27 UTIs in this cohort. There was one case of Enterobacter faecalis cystitis in a woman in Group B, three cases of pyelonephritis due to Escherichia coli (2 in Group A, 1 in Group B), with the remainder of cases attributed to ASB (Table 2) . Five women had more than one UTI. There was a trend toward fewer UTIs, both asymptomatic and symptomatic, in those women who received multiple daily doses of CJC compared to those women who received placebo. This trend persisted with single daily dosing of CJC, although the magnitude of the difference was less (Table 3 ).
More women in the once daily dosing group and the placebo group were likely to have at least one UTI during the study compared to the multiple daily dosing group (7/ There were no differences between the groups with regards to obstetrical or neonatal outcomes ( Table 4) . No preterm deliveries less than 34 weeks' occurred in women with UTIs during this investigation.
Discussion
Our investigation is provides support for a unique approach toward the reduction of asymptomatic bacteriuria in pregnancy and its associated adverse perinatal outcomes. The standard of obstetrical care remains screening for asymptomatic bacteriuria and treatment if the diagnosis is made. 12 However, the current recommendations for screening may not apply to those women with poor compliance or late entry to prenatal care, and do not address issues related to provider error or optimal post-treatment surveillance. The option to combine routine urinary screening with a non-harmful foodstuff, cranberry, to reduce the risk of gestational bacteriuria and its attendant potential complications is attractive for both public health and cost considerations, especially when factoring in the expense of caring for a premature newborn and subsequent costs related to lifelong disability that often affects survivors of premature birth.
The mechanism by which cranberry may prevent urinary tract infection is unknown, although there is a growing body of evidence that proanthocyanidins, or condensed tannins, components in many berry products, inhibit the adhesion of piliated enteric bacteria such as E.coli, to the uroepithelium. 13, 14 In the 2001 Cochrane Library review of cranberry for the prevention and treatment of UTI, the authors felt that there was preliminary evidence supporting its efficacy but that the published trials suffered from major limitations including lack of control groups, small sample sizes, lack of controlled diets or dietary assessment, inappropriate analysis of data for drop-outs or withdrawals, and lack of blinding. 9 Importantly, this Cochrane review noted that there were no investigations of the role of cranberry in preventing UTI in young patients or in pregnant women. This review included only five trials in which description of the product was lacking in all. Outcome measures were also varied, with some researchers focusing on bacteriuria and pyuria, and others on symptomatic UTIs. Largely, the appropriate product, dose, duration of intervention, and mechanism(s) of action were unknown or not clearly elucidated. The same authors of the Cochrane review published updates in 2007 10,11 and concluded that upon metaanalysis of four high-quality randomized controlled trials, 15-18 cranberry products significantly reduced the incidence of symptomatic UTIs in 12 months (RR 0.66, 95% CI 0.47-0.92) compared with placebo or control, particularly in women with recurrent UTIs. These studies involve primarily women 15,16 , subjects with spinal cord injury, 17 or the elderly. 18 To date, no investigations into the effect of cranberry on urinary tract infection in pregnant women have been published. Similar to our own clinical trial, withdrawals or losses to follow-up are significant in other published studies, as high as 47% or more. 10, 18, 19 This has led some to suggest that drinking considerable amounts of cranberry juice over a long period such as the duration of pregnancy, may not be acceptable. 10 The possibility exists, however, that different cranberry formulations such as capsules or tablets will have better efficacy and improved compliance. Stothers reported year-long compliance rates of 70 to 100% with cranberry capsules and lesser rates with cranberry juice in a trial evaluating the clinical and cost effectiveness of cranberry for uroprotection. 15 The nausea and vomiting of pregnancy certainly was a poor prognosticator for compliance during this investigation, and any gastrointestinal symptoms related to intolerability to the juice or placebo may have exacerbated or been exacerbated by physiologic changes in pregnancy. We altered the treatment regimens after approximately one-third of the subjects were randomized, due to concerns about compliance. There was a mild improvement in retention of compliant subjects in the investigation after this alteration was made. As there are in vitro data to suggest that the antiadhesion activity of cranberry juice on fimbriated E. coli persists for ten hours after ingestion, twice daily dosing of cranberry juice may be adequate for prevention of UTIs in pregnancy. 20 We acknowledge the limitations of this investigation including its small sample size and the lack of bioassay for compliance. As expected, compliance and tolerability to the cranberry juice product were limitations, and resulted in over 30% drop-out rate. As a result of these difficulties, a change in the dosing regimens was required in the midst of the study. A minor weakness is that the provision of additional follow-up for those subjects with poor tolerance or compliance to the juice could have introduced bias in their ultimate clinical outcomes. Conclusive information about the benefits of daily cranberry juice ingestion can only be gleaned from larger clinical trials in which consistent treatments are applied. Additional evidence will soon be available from other NCCAM-supported clinical trials in which the same cranberry juice and placebo products were used. Participant flow chart for cranberry for the prevention of asymptomatic bacteriuria in pregnancy Table 1 Demographics by Group Group A (C,C,C) (n=58)
Group B (C,P,P) (n=67) Group C (P,P,P) (n=63) * One subject with E. coli ASB also developed E. coli pyelonephritis; ** One subject with two bouts of Proteus mirabilis ASB. Group B (C,P,P):
+
One subject with two bouts of E. coli ASB;
++
One subject with two bouts of E. coli ASB also developed E. coli pyelonephritis. Group C (P,P,P):
One subject with five bouts of Citrobacter freundii ASB. Table 3 Incidence rate ratios for number of cases of asymptomatic bacteriuria and urinary tract infections (Intent-to-treat) 
